A direct protective action of prostaglandin on luminal cell membranes was investigated by preincubating rabbit duodenal brush border membrane vesicles with prostaglandin E, (PGE,) before incubation with bile salts. Membrane perturbation was assessed by measuring the net proton permeability (P.,).
The mechanism(s) by which prostaglandins protect the gastrointestinal mucosa against damaging agents'2 is still unclear, despite considerable scientific effort. Prostaglandins show many activities which may contribute towards protective mechanisms.`-6 At the vascular level maintenance ofendothelial integrity and mucosal blood flow is a recognised gastric protective mechanism.79 Recent evidence also points to a direct cellular protective action."1-1
We have established the use of apical membrane vesicles isolated from the upper gastrointestinal tract as model systems for studying the mechanism of action of several damaging agents, including ethanol and bile salts.'-' Increased apical membrane permeability to protons is a sensitive indicator of the action of these damaging agents.'819 In the present study we have investigated whether prostaglandin E, (PGE2) has a direct protective action on upper gastrointestinal luminal membranes by studying their ability to reduce the increase in proton permeability induced by bile salts in rabbit duodenal brush border membrane vesicles. Under control condition without bile salts or PGE2, the mean net proton/hydroxide permeability coefficient (P.J,) was (mean (SE)) 5 42 (017)xlO-4 (n=20) cm/s. The rate of proton permeation, as determined by the rate of recovery of acridine orange fluorescence quenching, was accelerated by the bile salts (Fig 1) . Pnet was increased in a concentration dependent manner by approximately 32%, 56%, and 98% with deoxycholate at 0 1, 0 5, and 1 0 mmol/l, respectively (Fig 2) . Similar increases in proton permeability were observed with glycodeoxycholate (Fig 3) and taurodeoxycholate (Fig 4) . The unconjugated deoxycholate tended to have the most pronounced effect in increasing proton permeability.
Methods
PGE2, 10-8-10-6mol/1, had no effect of its own on the proton permeability of duodenal brush border membrane (Fig 1) . P,,, was (mean (SE)) 5 Preincubation ofduodenal brush border membrane with PGE2, 10`8 mol/l, for five minutes before the addition of any of the bile salts only significantly reduced the ability of taurodeoxycholate, 0.5 mmol/l, to increase P.,, (Fig 4) . At higher concentrations, however, PGE2 significantly reduced the bile salt induced increases in Pnet. The effect of PGE2, 10 7mol/l, on the rate of recovery ofacridine orange fluorescence quenching in the presence of 0 5 mmol/l deoxycholate is shown in Figure 1 . PGE, was most effective against taurodeoxycholate induced increases in P.,, (Fig 4) and least effective against glycodeoxycholate (Fig 3) . with PGE2 10-8, 10-7, and 10-6, respectively. The three bile salts decreased vesicular enclosed volume in a concentration dependent manner (Fig 5) . Preincubation of duodenal brush border * membrane with PGE2, 10 6 mol/1, inhibited the * decrease in enclosed volume induced by the three bile salts at a concentration of 0 1 mmol/l. PGE2 * // at the lower concentrations had no consistent effect on the bile salt induced reductions in * enclosed volume. The exception was PGE2 at 10V8and 10`7mol/l, which significantly enhanced 0'5 1.0 the reduction in enclosed volume induced by a (mM) unconjugated deoxycholate (Fig 5) .
Discussion
The present study provides evidence that prostaglandin exerts a direct protective action on duodenal membranes. In particular, PGE2
reduced the bile salt induced increase in membrane proton permeability. Increased proton permeability in the presence of bile salts is likely to be an early event in their damaging action, and is observed with relatively low concentrations. '9 Thus, this protective effect of PGE2 is likely to be important in maintaining normal duodenal integrity. PGE2 at 10`6 mol/l also had a lesser effect in preventing bile salt induced reduction in This last observation may be related to the increased fragility of duodenal brush border membrane vesicle observed with the lower concentrations of PGE2 when administered with bile salts (Fig 5) . The effects of prostaglandin in the gastrointestinal tract are diverse, with many actions which may be categorised as protective in nature. An impaired ability of the human duodenal mucosa in duodenal ulcer disease to synthesise prostaglandin has been noted in some studies.2829 Ahlquist et al, however, reported no difference in basal prostaglandin synthesis in duodenal ulcer patients and normal controls. 30 In contrast, the normal increased prostaglandin synthesis in response to a meal was attenuated in duodenal ulcer disease, suggesting the mucosa of these patients has an impaired response to an acid load. 30 The ability of PGE2 to reduce bile salt induced increases in duodenal membrane acid permeation may be one important and direct physiological mechanism for duodenal mucosal protection. 
